INTRODUCTION
One of the basic goals of human genetics has been to Increase the level of resolution of the dissection of the genome. The finding that sequence polymorphisms could be used to construct a complete genetic linkage map of the human genome has prompted a great many workers to Initiate the construction of linkage maps for various human chromosomes (1-4). Our laboratory has been working on the Identification of sufficient restriction fragment length polymorphisms to construct a complete linkage map for human chromosome 3 at the 20 centimorgan resolution level (5, 6) .
The discovery of restriction endonucleases with rare cutting sites 1n mammalian DNA (7) (8) (9) , coupled with gel electrophoresis systems capable of resolving extremely large DNA fragments (10) (11) (12) , has opened up a path to generating restriction maps for mammalian chromosomes based upon the sites of rare-cutting restriction endonucleases. Enzymes that cleave eukaryotic DNA every 1000 kilobases could be used to generate preliminary maps for the chromosomes and then secondary analysis with enzymes that cleave more frequently could be used to Increase the level of resolution of dissection. This type of analysis could be carried to the level provided by enzymes which cleave every 200 base pairs. At this point one has bridged the gap between cytogenetic analysis and nucleotide sequencing strategies.
Several of the enzymes that are being used to initiate this type of analysis are NotI (recognition sequence GCGGCCGC), Sfil (GGCCNNNNNGGCC), Nrul (TCGCGA), Mlul (ACGCGT), SacII (CCGCGG), and BssHII (GCGCGC). There has been a great deal of discussion as to the average fragment size of mammalian DNA generated with these enzymes but there have been very few published reports (13, 14) . Theoretical calculations based upon the frequency of dinucleotide pairs and the assumption of their random association have given rise to predictions as to the average fragment length generated with different restriction endonculeases (15, 16) , but what we felt was needed was a direct determination of the number of these rare sites for a significant fraction of the human genome.
In this report we describe the construction of a cosmid library from an Interspecific somatic cell hybrid (hamster/human) that contains human chromosome 3 as Its only human component. This library, which contains 5 million recombinants, was screened by hybridization with human highly repetitive DNA to Identify 230 human recombinants. The DNA from 54 of these recombinants contain some 2000 kilobases of DNA representing It of the length of human chromosome 3. They were tested with common cutting restriction endonucleases EcoRI, HindiII, Kpnl, Xhol, and Dral, as well as with the rare-cutting restriction endonculeases NotI, Sf1I, Nrul, Mlul, SacII, and BssHII to determine the frequency of these sites.
MATERIALS AND METHODS

Cell Lines
The Isolation and characterization of interspecific somatic cell hybrids between normal human leukocytes and the temperature sensitive CHO cell line UCW 56, which retains human chromosome 5 under selective pressure, was previously described (17). One such hybrid, HHW 342, which retains chromosomes 3 and 5, was grown at 33°C, removing the selective pressure on the presence of chromosome 5. One segregant isolated 1n this manner, HHW 423, has lost chromosome 5 but retained human chromosome 3 (6). This cell line was previously used as the source to produce a human chromosome 3-specif1c lambda library (6), and 1s used here to construct a complete cosmid library specific for human chromosome 3.
Preparation of a Human Chromosome 3-Specific Cosmid Library
High molecular weight DNA was prepared from HHW 423 and used to prepare a complete genomic DNA library 1n the cosmid cloning vector EMBLpC0S2. At the same time cells were harvested for DNA, karyotype analysis on parallel cultures were performed to determine the proportion of cells which retained human chromosome 3. All 30 metaphase spreads from HHW 423 contained an Intact chromosome 3. This confirms the karyotypic stability of HHW 423 and ensures that the cosmid library prepared from HHW 423 is as complete as possible with respect to human chromosome 3 sequences.
High molecular weight DNA from HHW 423 was partially digested with Mbol under conditions that resulted in an optimal yield of fragments between 35 and 45 kilobases which were fractionated on linear 10-401 sucrose gradients. Individual gradient fractions containing DNA fragments 1n the range of 35 to 45 kilobases were dialyzed against water, concentrated, and ethanol precipitated. DNA fragments from these fractions were ligated separately to cosmid vector pC0S2 which had been prepared by PvuII digestion followed by phosphatase treatment and then finally BamHI digestion. Prepared pC0S2 was mixed with HHW 423 insert DNA at 5:1 molar ratios (vector:1nsert), with a final concentration of 200 ug/ml and treated with 200-300 units of T4 DNA Ugase at 14°C overnight. Following ligation the recombinant molecules were packaged 1n vitro, after which they were used to infect £. coll strain DK-1. We used Individual sucrose gradient fractions because attempts to construct the cosmid libraries with pooled fractions failed. In fact, only one sucrose gradient fraction gave appreciable numbers of recombinants. The two adjacent fractions gave less than 10% as many recombinants. This kind of result has also been obtained by DILella and Woo (18) . DNA from the optimal fraction was Ugated and In vitro packaged. The 1n vitro packaged DNA was used to infect host strain DK-1 to yield 5.2x10 recombinants which should contain, with a 99% probability, all the clonable genomic sequences in HHW following restriction endonudeases: EcoRI, Hindi 11, Kpnl, Xhol, and Dral. To determine whether the human Inserts contained sites for the rare-cutting endonudeases Nrul, Mlul, SacII, BssHII, Sf 11, and NotI, the recombinants were first cleaved with EcoRI and then with one of the rare-cutting endonudeases and the single and double digests were electrophoresed side by side. Table I lists the number of sites produced by each of the enzymes.
We were surprised to see so many sites for the rare-cutting restriction endonudeases in these cosmids. For example, we anticipated finding one NotI site per 3 million base pairs and in our sample we found 13. For all but one of the rare-cutting endonudeases we found an excess of sites over that expected. To determine if the small sample size might account for this discrepancy, we examined an additional group of human cosmids for internal NotI, Sf1I, and Mlul sites. An additional 90 cosmids were tested for Internal NotI and Mlul sites, and 32 additional cosmids were tested for SfiI sites. The cumulative results for these three enzymes are listed 1n parentheses in Table I. Table II Between 42 and 80? of the rare sites detected were less than 30 Mlobases apart, and a great many of them were clustered over regions five kilobases or less 1n length. The estimations based upon pulsed field gradient gel electrophoresis of genomic ONAs cleaved with NotI or Mlul Include the Implicit assumption that the fragments were so large that none of them were lost from the gel plug or ran off the gel. However, clustered rare restriction sites would not be detected using pulsed field gradient technology if NotI, Mlul, Nrul, and BssHII, like SacII, are methylation sensitive and the sites are methylated.
Our findings have several Important Implications for the use of these rare-cutting restriction endonucleases for the construction of physical maps of mammalian genomes. Since a significant number of NotI (or other enzyme) sites are much closer than their average spacing, and construction of physical maps requires ordering the entire set of NotI or other sites, these small fragments, some no more than 2 kilobases apart, must be identified. The simplest way to do this would be to cut standard genomic DNA samples with enzymes and then to sub-clone all fragments less than 20 kilobases in size. These NTFs (NotI tiny fragments), MTFs (Mlul tiny fragments), and so on, could be used to construct small fragment NTF or MTF libraries which would complement the large fragment junction fragment libraries under construction.
Even when one takes Into account the clusters of NotI (or other rare sites), these sites are much more abundant than expected. If Instead of dividing the number of kilobases screened by the total number of NotI sites found, one divides by the number of cosmids with one or more NotI sites, the average larger fragment size Increases to 245 kilobases. If NotI 1s methylatlon sensitive, then digestion of genomic DNA with NotI will yield less fragments than we have detected, but this presents a dilemma to those constructing physical maps using methylation sensitive enzymes. The methylatlon patterns from different tissues from one Individual as well as from different Individuals may differ and this could have profound repercussions on physical maps made from different tissues or people.
An analysis of 5360 kilobases of DNA has revealed 5 cosmids containing clusters of rare restriction sites similar to cosmids 34 and 52. This would correspond to one clustered site every 1000 kilobases. What 1s the state of methylation of CG dinucleotides 1n these clusters 1n the human genome? We are presently sub-clon1ng unique sequence fragments from cosmids 34 and 52 1n order to test whether or not the CG dinucleotides 1n these cosmids are methylated. If they are unmethylated, then these may correspond to the Hpa11-generated tiny fragments (HTFs) described earlier (26). These unmethylated clusters of rare sites could provide the necessary landmarks to construct physical maps which would not vary with the source of the DNA used to derive the map. Instead of junction fragment libraries (13), which will miss a significant portion of the necessary sites, a useful approach might be to construct libraries of small NotI (or other rare restriction site) fragments. These libraries would be simple to construct and could be made from flow-sorted chromosomes to be chromosome-specific. Brown and Bird have proposed using HTF Islands as the necessary landmarks to construct physical maps (36); their estimations, based on pulsed field gradient electrophores1s, Indicate an average distance of 109 kb between 7 presumptive Islands near three known HTF Islands. This is surprisingly small, especially as the method they used would not have identified islands as close together as some of those we have detected in cosmids. The use of HTF Islands in this way might be the method of choice when one is already in a region of interest; the rare NotI clusters (NTF islands), which are spaced at approximately 1000 kilobase Intervals, would be more useful 1n mapping larger regions or entire mammalian chromosomes.
